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Express Mail No. EU712714873US 
GUARD RING STRUCTURE FOR A SCHOTTKY DIODE 



TECHNICAL FIELD 
The present invention relates generally to processes for the manufacture of 
semiconductor devices and, more particularly, to the formation of a guard ring structure 
for a Schottky diode. 

BACKGROUND OF THE INVENTION 
Schottky diodes have been used for many years in the semiconductor industry in, 
for example, electronic systems, such as amplifiers, receivers, control and guidance 
systems, power and signal monitors, and as rectifiers and clamps in RF circuits. 
Commercial applications include radiation detectors, imaging devices, and wired and 
wireless communications product, A Schottky diode can be formed by the connection of 
a metal or silicide layer to a doped semiconductor layer. A Schottky junction (or 
Schottky barrier) is formed at the junction of the metal layer and the doped 

semiconductor layer. 

Schottky diodes are prone to high electric field regions at the ion implant regions 
where the metal or silicide of the diode structure meets the isolation structure. Typically, 
these electric field regions prohibit the diode from performing at its optimum 
characteristic level. Parameters that are adversely affected by this field include the 
reverse bias leakage current and breakdown voltage. 

Current approaches at eliminating the high electric field regions near the isolation 
barrier consist of adding a pn diode guard ring at the edge of the isolation structure. In 
the case of an n-type Schottky diode, the p-type guard rings are implanted into the n-type 

regions at the perimeter of the Schottky contact region. This provides for a better diode; 

however, it increases the capacitance of the device and adds a minority carrier injection 

mechanism into the device, which in turn increases the diode recovery time. 

Additionally, fabrication of such a guard ring typically requires an additional masking 

step. 
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SUMMARY OF THE INVENTION 
The present invention relates to a Sehottky deviee and a fabrieation method for 
the Sehottky deviee. The Sehottky deviee ineludes a semiconductor substrate of a first 
5 eondnetivity type and a nteta. in eontae, with the semieondnetor substrate. The metal and 
(he semieondnetor substrate ean form a Sehottky jnnetion. A guard ring strueture can be 
formed on me semieonduetor substrate that surrounds the Sehottky junetton. The guard 
ring strueture comprises a gate of a second conductivity type that overlies a gate 
dielectric layer. The gate and the gate dielectric form a meta, oxide semieonduetor 
,0 (MOS) structure with the semieonduetor substrate that surrounds me Scho«ky junction 
The MOS strueture creates a MOS depletion tegion under the gate dieleetne. The MOS 
deletion region mitigates perimeter edge effects a. the edges of the Sehotiky junction 
tot are due to the high e.eetric field generated by the curved depletion boundary. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and other aspects of to present invention will become apparent to 
those skilled in the art to which to present invention relates upon reading the foUowmg 
description with reference to the accompanying drawings. 

HG. 1 illustrates a schematic cross-sectional view of a Sehottky dev.ee in 
20 accordance with an aspect of to invention. 

FIG. 2 illustrates a schematic eross-sectional view of an n-type buned layer bemg 

formed in a substrate. 

FIG. 3 illustrates a schematic cross-sectional view of the structure of FIG. 2 after 

an isolation region has been formed in the substrate. 

FIG. 4 illustrates a schematic cross-sectional view of the structure of FIG. 3 
undergoing implantation of an n-well implant. 

FIG. 5 illustrates a schematic cross-sectional view of the structure of FIG. 4 after 
a dielectric layer has been formed over the substrate. 

FIG 6 illustrates a schematic cross-sectional view of the structure of FIG. 5 after 
30 aconductivelayerandapa« 
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FIG 7 illustrates a schematic cross-sectional view of the structure of FIG. 6 after 
an etchingprocess has been initiated to etch the conductive layer and the drelectric layer. 

FIG. 8 illustrates a schematic cross-sectional view of the structure of FIG. 7 after 
the patterned photoresist has been removed from the conductive layer. 

FIG. 9 illustrates a schematic top plan view of the structure of FIG. 8. 
FIG. 10 illustrates a schematic cross-sectional view of the structure FIG. 8 after a 
sidewall spacer has been formed. 

FIG 11 illustrates a schematic cross-sectional view of the structure of FIG. 10 
after a barrier layer has been formed over the conductive layer and Are substrate. 

FIG. 12 illustrates a schematic cross-sectional view of a Schottky device in 
accordance with another aspect of the invention. 

FIG. 13 illustrates a schematic cross-sectional view of a Schottky device in 
accordance with yet another aspect of the invention. 

DETAILED DESCRIPTION 
In describing the embodiments of the present hrvention, reference will be made 
herein to FIGS. 1-13 of the drawings in which like numerals refer to like features of the 
invention. Features of the invention are no. necessarily shown to scale in the drawmgs. 
The present invention relates generally to a Schottky device and a fabneauon 
20 method for the Schottky device. The Schottky device inc.udes a semiconductor substiate 
ot a firs, conductivity type and a meta. in contact with the semiconductor substrate^ The 
nretal and fire semiconductor substrate can form a Schottky junction or a Schottky banrer. 
After the metal is placed on a surface of the semiconductor substrate, charge can be 
exchanged to equilibrate the Fermi energy. Since me semiconductor substrate contra 
substantially .ess charge than the metal, the donor state is empty producing a depleted 
region with a curved dep.etion boundary below the metal in the semiconductor substrate. 

A guard ring structure can be formed on the semiconductor substrate that 
surrounds the Schottky junction. The guard ring structure comprises a gate of a second 
conductivity type that overlies a gate dielectric. The gate and the gate dielectric form a 
30 metal oxide semiconductor (MOS) structure with the semiconductor substrate that 
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g e„era..y surrounds the Schottky junction. The MOS structure forms a MOS dep.etron 
region under the gate die.eetrie. The MOS depletion region mitigates penmeter edge 
effects a. the edges of the Schottky junction that are due to the high electnc field 
generated by the curved depletion boundary. Mitigation of the perimeter edge effects can 
5 increase the breakdown voltage of the Schottky device and improve the leakage 
characteristics of the Schottky junction. 

FIG 1 illustrates a schematic cross-sectional view ofa Schottky device 10m 
accordance with an aspect of me invention. The Schottky device 10 can be formed ofa 
semiconductor substrate .2 having embedded therein an n-we.1 14. The semiconductor 
10 substrate 12 can be a p-type semiconductor material and the n-well 14 can be formed m 
.he p-type semiconductor material, for example, by implanting an n-type dopant, such as 
phosphorous (P), in me p-type semiconductor substrate 12. It is ,0 be appreciated that the 
Schottky device 10 is provided for illustrative purposes and that the semiconductor 
substrate 12 can include a plurality of Schottky devices and other integrated ctrcutt 

15 devices. . 

The Schottky device 10 can include an isolation region 16 that is formed ,n the 
semiconductor substrate 12. The isolation region 16 can be recessed in the 
semiconductor substrate 12 so that the iso,ation region 16 does no, extend substantially 
above a surface 18 of the semiconductor substrate 12. The isolation region 16 can define 
a perimeter that provides some isolation between the Schottky 10 and other 
semiconductor devices that can potentially be formed on or in the semiconductor 
substrate 12. The isolation region 16 can also define an n-moat region 20 wtthm the 
semiconductor substrate 12. The n-moa. region 20 comprises the active regton of the 
Schottky device 10. The isolation region 16 can comprise shallow trench rsolatron 
structures (STI) that are formed in the semiconductor substtate by any known process, 
such as etching the substrate and depositing a recessed oxide (ROX) for isolation. 
Although an STI structure is illustrated in FIG. 1 , other isolation sttuctures may be used 
with the present invention, such as field oxide structures. 

A guard ring structure 24 can be formed at least partially over the isolation regton 
16 and the n-moa. region 20. The guard ring structure 24 surrounds a barrier regton 25 of 
the semiconductor substrate. The term "ring" is conventionally used, and is used herern 
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,„ describe generaHy any shape that generally surrounds the barrier region 25 «o provrde 
neeessary isolation. Typically, finis guard ring stature 24 is substantial* circular or has 
a polygonal (e.g., rectangular) shape, although other shapes are possible. 

The guard ring structure 24 includes a relatively thin gate dielectric layer 26 (e.g., 
having a uniform thickness between about 5 A and about 500 A) that can be formed (e.g.. 
by thermal oxidation) over a portion the n-moat region adjacent the isolation regton 16. 
The gare dielectric layer 26 can be an oxide (e. g . , silicon dioxide (Si0 2 )) or any other 
dielectric material suitable for use as an insulator in a MOS device. The guard nng 
structure 24 can also include a relatively thin gate 28 (e.g., having a uniform fluckness 
between about 300 A and about 700 A). The Attn gate 28 is thin to faethtate the 
formation of a continuous silicide from the thin gate 28 to .he barrier region 25. The gate 
28 can comprise, for example, a po.ysilicon gate material or a re-crystallized polysihcon 
ga ,e materral drat is doped with a p-.ype dopant (e.g., B, , and BF 2 ). The gare 28 can be 
formed (e g., by chemical vapor deposition (CVD)) over the gate dielectric layer 26 and 
a, .east par, of the isolation region 16. The gate 28 has an inner side surface 30, an outer 
side surface 32, and a top surface 34 that interconnects the inner side surface 30 and the 
outer side surface 32. The inner side swface 30 can have a substantially undulating shape 
(no, shown) w„h a p.uralrty of protrusions (no, shown) «ha, can extend into tire bamer 
region 25 and/or a plurality of grooves that extend into fine inner side surface 30. The 
undulating shape of the inner side surface 30 mitigates formation of a sidewall spacer 
along the inner side surface 30 of the gate 28 in the vicinity of sharp protrustons. 

The ga,e 28, fire gate dielectric layer 26, and fire semiconductor substrate 12 can 
form a MOS structure. The MOS structure can create MOS depletion region 29 under fire 
gate dielectric 26, that mitigates MOS capacitance as well as perimeter edge effects, 
which are due to a high electric field generated by a Schottky junction of the Schottky 
device 10. Mitigation of fine perimeter edge effects can increase tine breakdown voltage 
of the Schottky device 10 and improve the leakage characteristics of the Schottky 

'""'""The guard ring structure 24 can also include a sidewall spacer 40. The sidewall 
spacer 40 can extend from the gate 28 over a portion of tine isolation region 16. The 
sidewall spacer 40 can contac, tine gate 28 substantially along the outer side surface 32 of 
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fire gate 28. The sidewall spaeer 40 can comprise a nitride material, such as silicon 
nitride (Si,N 4 ). The sidewall spacer 40 can be formed by, for example, CVD of a srbcon 
nitride material followed by dry plasma etching of the deposited silicon nrtnde. 

A Sehottky barrier metal layer 50 can cover the barrier region 25 and extend over 
,he inner side surface 30 and Ore .op surface 34 of .he gate 24. The Sehottky bamer 
metal layer 50 can comprise a refractory metal that, when deposited (eg., physical vapor 
deposition (PVD)) on the barrier region 25 of the semiconductor substrate 12 and Ore gate 
28 forms a silicide material upon high temperature (.e.g., greater than about 800«C) 
annealing. A first portion 52 of the Sehottky barrier metal layer 50 overlying the barner 
region 25 can form .he Sehottky junction wi.h .he barrier region 25 of the semiconductor 
substrate 12. The Sehottky junction can create a depletion region 54 that extends below 
,he firs, portion 52 of me Sehottky barrier melal layer 50 to the MOS depletion region 29. 
A second portion 56 of the Sehottky barrier meta. layer 50 can form an ohmic contact 
surface over the inner side surface 30 and the top surface 34 of the gate 24. 
; Contacts 60 (e.g., aluminum electrodes) to the Sehottky barrier metal layer 50 can 

be formed (e.g., by CVD) over .he guard ring structure 24. The contacts 60 can form an 
ohmic contact with the second portion 56 of the Sehottky barrier metal layer 50. By 
forming the contacts 60 over the guard ring structure 60 instead of over tire barrier regmn 
25 damage to the Sehottky barrier metal layer 50 that could potentially occur dunng 
0 fonnation of tire contacts 60 should not affect tire Sehottky junction and, hence, tire 
performance of the Sehottky device should not be adversely affected. 

FIGS 2-10 illustrate a methodology of fabricating part of aSchottky dev.ee 
similar to the Sehottky device of Fig. 1. Referring to FIG. 2, an n-buried layer 100 can be 
formed in a p-type substrate layer 12 by an implanting process 1 04 drat implants an n + 
, 5 type dopant, such as phosphorous and/or arsenic, into the p-type substrate layer 12. The 
p.,ype substrate layer 12 can be formed from a semiconductor material, such as srlrcon. 
The substtate layer 12, however, could be formed from any material, such as gallrum 
arsenide, germanium, si.icon-gemranium, epitaxial formations, silicon carbide, mdrum 
phosphide, silicon-on-insulator substrates (SOI), attained Si substrates, and/or other 
30 semiconductor substrate materials. 
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The implantation of the n + type dopant can be performed, for example, nsmg an 
ion impianfer that aeee.erates ,he dopant ions (eg., P) a. a high energy (e.g., greater than 
about 200 keV). In an aspeet of the invention, the n + type buried layer 100 ean be 
formed by implanting a phosphorous implant at doses of about 1x10° cm* to about 
i lxl0' s cm 2 at energies of about 850 keV to about 1200 keV. 

FIG 3 illustrates an isolation region 16 in the substrate layer 12 following 
formation of the n + type buried layer 100. The isolation region 16 ean define a penmerer 
of a moat region 20 where a Schottky junction can be formed. The Nation region 16 
can provide some eleetrica. isolation between the moat region 20 ard adjaeen, regions to 
0 oensedforflreformationofadditionalsemicnndnetordevices. The isolation regton 16 
can comprise a shallow bench isolation (STI) structure. The STI structure can be formed 
by etching (e.g., dry plasma etching) the substrate layer 12, depositing (eg., CVD) a 
recessed oxide (ROX), and polishing the deposited ROX using a chemical mechantcat 
pfanarization (CMP) technique (eg., bench oxide polish). The ROX can he, for exampto, 
, 5 Si02 or another suitable oxide material that can perform fire operation associated wuh fire 
isolation region. Those skilled in fire art will understand and appreciate other deposmon 
techniques that can be employed to grow an ROX, such as those identified above. I. 
be further understood and appreciated that other materials could be employed to form .he 
isolation region 1 6 and mat other isolation structures may be used with the present 
20 invention. 

FIG 4 illustrates that after formation of the isolation region 16, an n-well 1 14 can 
be formed in the substrate layer 12 by an implanting process 1 12 that implants an „-type 
dopant, such as phosphorous and/or arsenic, into the substrate layer 12. The n-well 
implant defines the background doping concentration of the moat regton 20. 
25 The implantation of the n-well 14 can be performed, for example, nsmg an ton 

implanter (no. shown) that accelerates the dopant ions (eg, P) at a high energy (eg., 
abon.350.„abou.850keV). In an aspec. of me invention, .he n-well Mean be formed 
with multiple implanls. The well implant can be a high-energy implant <ha. forms a deep 
tow resistance region in the n-well. This low resistance regton keeps the voltage close to 
30 ground everywhere in the n-well 14 and helps prevent transient voltages from butldmg 
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up. The well implant may comprise a phosphorous implant at doses of about 2xl0 13 cm 2 
to about 9xl0 13 cm 2 at energies of about 350 keV to about 850 keV. 

FIG. 5 illustrates a dieleetrie layer 116 formed over the n-well 14 and the isolation 
region 16 The dieleetrie layer 1 16 can be formed by an oxidation process, which forms 
an oxidation layer (e.g., silicon dioxide (Si0 2 ) layer). The dielectric layer 1 16 can have a 
thickness of about 5 A to about 500 A, and be formed by a wet and/or dry thermal 
oxidation process. Thermal oxidation is the standard method of forming a dielectric layer 

1 16 having a thickness of about 5 A to about 500 A. It is to be appreciated that alternate 
methodologies besides thermal oxidation can be employed to form the dielectric layer 

116 For example, any suitable technique (e.g., plasma enhanced CVD, thermal 

enhanced CVD and spin on techniques) may be employed in forming the gate dielectric 

layer 116. 

Additionally, alternate materials can be employed to provide the dielectric layer 
1 16 The dielectric layer can comprise the same material as the isolation region 16. The 
dielectric layer 1 16 can be, for example, SiC, or another suitable oxide material that can 
perform the operation associated with the dielectric layer 1 16. Those skilled in the art 
will understand and appreciate appropriate types of deposition techniques that can be 
employed to grow suitable crystalline structures to form the dielectric layer 1 16, such as 
those identified above. It is to be further understood and appreciated that other materials 
also could be employed to form the dielectric layer 116. 

FIG 6 illustrates a conductive layer 1 1 8 and a patterned photoresist layer 120 
deposited over the dielectric layer 116. The conductive layer 1 18 can have a thickness of 
about 300 A to about 700 A (e.g., about 500 A). The conductive layer 1 18 can be doped 
with a p-type dopant, such asB„ and BF 2 . If the conductive layer 118 is comprised of 
polysilicon, the conductive layer 118 may be formed using any suitable technique 
including CVD techniques, such as low-pressure CVD (LPCVD) or plasma enhanced 
CVD (PECVD). The polysilicon can be formed in a polycrystalline state or an 
amorphous state, which is later, converted to a crystalline state. If the conductive layer 
1 18 is comprised of amorphous silicon or germanium, standard deposition techniques 
may be employed. After layer 1 1 8 is deposited, it can be implanted with a p-type dopant. 
To save patterning masks, and be able to use the p source/drain (PSD) implant, the 
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tenanted area can be patterned using the PSD mask. Lower gate dopant concentrations 

and conductivities can be achieved. 

The patterned photoresist layer 120 can have a thickness suitable for carrymg out 
te present invention. Accordingly, the thickness of the patterned photoresist layer 120 
can vary in correspondence with the wavelength of radiation used to pattern the 
photoresist layer 120. The patterned photoresist layer 120 canhe formed by providtug a 
photoresist layer over the conductive layer 118 via conventional spin-coattng or spur 
casting deposition techniques. The photoresist .ayer can be etched (e.g.. antsottop.c 
reactive ion etching (HE)) to provide the patterned photoresist layer 1 20. A seleove 
etch technique can be used to etch the photoresist layer a. a relatively greater rate as 
compared to the rate of the underlying conductive layer 118 to provide the patterned 
photoresist layer 1 20. The patterned photoresist layer 120 can be used as a mask to 
define an area of a gale of a guard ring structure during a subsequent etching proeessmg. 
An inner surface 121 of the patterned photoresist layer 120 can have an undulafng shape 
(not shown) so that when the gate is formed (e.g., by etching the conductive layer 1 1 8 
and the dielectric layer 1 16), an inner surface of the gate will have a substanttally 
undulating shape. 

FIG 7 illustrates an etching process 130 being performed to remove a portion of 
the conductive layer 1 18 and the dielectric layer 1 16 to form a gate 28 and gate dielectnc 
21 Any suitable etch technique can be used to etch the conductive layer 1 1 8 and the 
dielectric layer 116. For example, the conductive layer 118 and dielectric layer 116 can 
be anisotropics etched with a plasma gas(es), (e.g., carbon tetrafluoride (CF 4 ) 
containing fluorine ions) in a commercially available etcher, such as a parallel plate RIE 
apparatus or, an electron cyclotron resonance (ECR) plasma reactor. Any combination of 
a wet or dry etch process can be employed to etch the conductive layer 1 1 8 and the 
dielectric layer 116. In one aspect, a selective etch technique is used to etch the 
conductive layer 118 and the dielectric layer 116 at a relatively greater rate as compared 
to the rate of the patterned photoresist layer 120. 

Following formation of the gate 28 and gate dielectric 26, the patterned 
photoresist layer 120 can be stripped off the gate 28 (e. g , Ultra-Violet (UV)/ Ozone (0 3 )/ 
Sulfuric Acid (H 2 S0 4 ) and cleaned by wet chemical cleanup processes. Those dolled m 
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the art would be familiar with a variety of different cleanup procedures that can be 
employed to clean the structure. 

FIG. 8 illustrates the substrate 12 after the patterned photoresist 120 has been 
removed. The gate 28 and gate dielectric 26 can form a guard ring structure 24. The 
guard ring structure 24 can define a barrier region 25 in the moat region 20 for the 
formation of a Schottky junction (or Schottky barrier). The gate 28 and the gate 
dielectric 26 of the guard ring structure 24 can form a metal oxide semiconductor (MOS) 
structure. The MOS structure can create a MOS depletion region that mitigates penmeter 
edge effects of the Schottky junction. The gate 28 of the guard ring structure 24 can 
extend partially over the isolation region 1 6 and the moat 20. The gate 28 can have an 
inner side surface 30, an outer side surface 32, and a top surface 34 that connects the 
inner side surface 30 and the outer side surface 32. Referring to FIG. 9, which is a top 
plan view of FIG. 8, the inner side surface 30 of the gate 28 can have a substantially 
undulating shape with a plurality of protrusions 148 that extend into the barrier region 25 
and/or a plurality of grooves that extend into the side surface 30. The protrusions 148 (or 
grooves) can mitigate formation of a sidewall spacer at the extremities of the protrusions 
on the inner side surface 30 of the gate 28 during subsequent processing. 

FIG 10 illustrates that a sidewall spacer 40 can be formed, which contacts the 
outer side surface 32 of the gate 28. The sidewall spacer 40 can extend laterally from the 
outer side surface 32 of the gate so that it overlies part of the isolation region 16 and the 
substrate layer 12. The sidewall spacer 40 can comprise an insulating material, such as 
silicon dioxide or silicon nitride. It is to be further understood and appreciated the 
sidewall spacer 40 can comprise other materials. The sidewall spacer 40 can be formed 
by depositing a film of the insulating material over the guard ring structure 24 and moat 
region 20 using any suitable technique including CVD techniques, such as LPCVD or 
PECVD. Other deposition techniques, such as sputtering techniques can also be used. 
Following deposition of the film of insulating material, the film can be etched {e.g., 
anisotropic reactive ion etching (RIE)) to provide the sidewall spacer 40 on the outer side 
surface 32 of the gate 28. For example, a silicon nitride film can be anisotropically 
etched with a plasma gas(es), (e.g., carbon tetrafluoride (CF 4 ) containing fluorine ions) in 
a commercially available etcher, such as a parallel plate RIE apparatus or, an electron 
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cyclotron resonance (ECR) plasma reactor. The film covering the profusions 148 (FIG. 
9) of the inner side snrface 30 of the gate 28 eanhe readily etched ftom the extremities of 
the protrusions 148 to mitigate fire formation of a sidewall spacer along the inner stde 

surface 30 of the gate 28. 

FIG 1 1 illustrates that a Schottky barrier metal 50 can be deposited over the gate 
28andbarrierregionl35. In mis example, a continuous layer ofthe Schottky bamer 
me «a, 50 can be formed over fire top surface 34 of the gate 28, the inner side surface 30 of 
the gate 28, and the barrier region 25. The Schottky barrier metal layer 50 can form a 
Schottky junction with the substrate layer 12 of the barrier region 25. The Schottky 
junction can create a depletion region 54 tha. extends under Schottky junction to the 
MOS depletion region 29. The Schottky barrier metal 50 can also form a contact regron 
over the gate 28. The Schottky barrier metal can comprise a refractory metal that can be 
afioyed by a thermal anneal process (eg., rapid thermal anneal (RTA) at a temperature 
greater than about 800°C) with the silicon of the semiconductor substrate 12 and the 
polysilicon of fine gate 28 to form a continuous silicide layer. Refectory metals typ.cally 
do not react with oxides or nitrides so the refractory metafs can be easily etched off the 
sidewall spacer 40 following alloying. Examples of metafs tha. can be deposited and 
alloyed to form the silicide can include cobalt, molybdenum, platinum, tantalum, 
titanium, and tungsten. Other metals that can be deposited and alloyed with the siheon 
can also be used. 

Following deposition of the Schottky barrier metal 50 to form the Schottky 
junction and the ohmic contact, contacts (no. shown) to fire Schottky barrier metal 50 can 
be formed. The contacts can be provided over the guard ring sttuCure 24. The contacts 
can be an electrode that is formed from a metal, such as aluminum, aluminum alloy, 
copper copper alloy, nmgs.cn by conventional deposition techniques. By forunng .he 
contact to the Schottky junction over the guard ring structure 24, potential damage to the 
Schottky junction can be mitigated. The resultant structure is similar to the structure 

illustrated in FIG. 1. 

FIG 12 illustrates a schematic cross-sectional view of a Schottky device 210 in 
accordance with another aspect of the invention. The Schottky device 210 in accordance 
with this aspect can have a structure similar to the structure of the Schottky device 10 
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,FIGl) e xc=ptthataguardri„gsm 1 cmreof.heSchottkyd e vice2 1 0(FIG.12) 
comprises a at leas. two) of overlying (,*, stacked) gates. The p,ura ly of 

gates can be aligned so .hat a guard ring structure can he formed having a suhstant* 
Ipped-shape. The thickness of the each of to gates can also he substonttaHy esa ton 
the thickness of the gate 28 (FIG. 1) so ,ha, each gate has an inner side surface (,,, edge) 
wtth a substantially reduced thickness compared to me inner side surface 30 of the 
.ate 28 (FIG. 1). The stepped-shape guard ring structure and me reduced tuner stde 
Lace of each of the gates can mitigate formation of anittide sidewal, on the inner side 
spaces of the gates by al.owing nitride material, which is deposited on the ga.es durtng 
fabrication, .o he more readi.y etched from the inner side surfaces of to ga.es compared 
,„ outer surfaces of.be gate, The substantial absence of a sidewall on the inner stde 
surface of gates can facilitate the formation of a contiguous silictde layer from me gates 

to a barrier region. 

Referring again to FIG. 12, the Sehottky device 210 can be formed of a 
semiconductor subs<ra.e 2,2 having embedded therein an n-wel. 214. The semiconductor 
subsume 212 can he a p-rype semiconductor malerial and ,he n-well 214 can be formed 
in the p-type semiconductor ma.erial, for example, by imp.an.ing an n-.ype dopant, such 
as phosphorous (P), in the p-type semiconductor substrate 212. I. is .o be appreetated 
to, to Sehottky device 210 is provided for illustrative purposes and .ha. to 
semiconductor substtate 212 can include a plurality of Sehottky devices and other 

integrated circuit devices. 

The Sehottky device 210 can include an isolation region 2,6 to, ,s formed m to 
semiconductor substtate 212. The isolation region can be recessed in to semiconductor 
substtate 212 so to, the isolation region 216 does no, extend substantially above a 
surface 218 of to semiconductor substtate 212. The isolation region 216 can define a 
perimeter to, provides some isolation between to Sehottky device and otor 
semiconductor devices to, can po.entia.ly be formed on to semiconductor subside 
212 The Sehottky device 210 can also define an n-moa, region 220 wtthtn to 
semiconductor substrate 212. The n-moa. region 220 comprises to active regton of to 
Sehottky device 210. The isolation region 216 can comprise STI structures to. are 
formed in to semiconductor substrate by any known process, such as etchtng to 
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substrate and depositing a ROX for isolation. Although an STI structure is il.ustra.eti m 
FIG 12 other isolation struetures may be used with the present invention. 

A guard ring structure 224 ean be formed at least partially over the .solution 
region 216 and the n-moat region 220. The guard ring structure 224 surrounds abarner 
region 225 of the semiconductor substrate 212. The guard ring structure 224 has a 
substantially stepped-shape structure mat can faciUtate formation of a continuous abode 
over the guard ring structure 224 to the barrier region 225. 

The guard ring structure 224 includes a relatively thin gate dielectric layer 226 
(. , having a uniform thickness between about 5 A and about 500 A) that cati be formed 
( e g . by thermal oxidation) over a portion the n-moa. region 220 adjacent the isolation 
region 216. The gate dielectric layer 226 can be an oxide (eg., silicon dioxide (S>0 2 )) or 
a„ y other dielectric material suitable for use as an insulator in a MOS device. The guard 
ring stiucture 224 can a.so itic.ude a first relatively thin gate 228 (e g., having a umform 
thickness between about 300 A and about 700 A). The firs, relatively thin ga.e can be 
formed (,g., by CVD) over .he gate dielectric layer 226 and a. leas, part of .he isolation 
region 216. The firs, gate 228 can have an inner side surface 230, an ou.er side surface 
232 and a top surface 234 mat interconnects .he inner srde surface 230 and the outer stde 
surface 232 The inner side surface 230 can have a substantially undulating shape (not 
shown) with a plurality of protrusion (no. shown) that can extend into the barrier regron 
225 The undulating shape of the inner side surface 230 can mitigate formation of a 
sidewall spacer a. the extremities of protrusions along the inner side surface 230 of the 
firs, gate 228. The first gate 228 can comprise, for example, a polysilicon gate matenal 
or a re-crystallized polysilicon gate material that is doped with a p-type dopant (e.g., B„ 

andBFr). . , 

The guard ring structure 224 can also include a second relatively thin gate 236 

having a uniform thickness between about 300 A and about 700 A). Thesecond 

relatively thin gate 236 can be formed (e.g„ by CVD) over the firs, gate 228. The second 

gate 236 can be substantially narrower than the firs, gate 228 and can be substantially 

aligned over the isolation region 216 to provide the substantially stepped-shape gate 

stiucture. The second ga,e 236 can have an inner side surface 238, an outer side surface 

240 and a top surface 242 that interconnects the inner side surface 238 and tire outer s.de 



13 



TI-35902 



surface 240 The inner side surface 238 can have a substantially undulating shape (not 
shown) with a plurality of protrusion (not shown) that can extend into the first gate regron 
234 The undulating shape of the inner side surface 238 can mitigate formation of a 
sidewall spacer at the extremities of protrusions along the inner side surface 238 of the 
second gate 236. The second gate 236 can comprise, for example, a polysmcon gate 
material or a re-crystallized polysilicon gate material that is doped with a p-type dopant 
(e.g., Bn andBF 2 ). 

It will be appreciated by one skilled in the art that additional gates (e.g., one or 
more additional gates) can be provided over the firs, gate 228 and .he second ga.e 236. 
These additional gates can form additional steps for .he stepped-shape gnard nng 
structnre 224. The additional steps can further mitigate the formation of a sidewall on me 
imter side snrfaces of me gates and facilitate formation of acontinuous silicide from the 

gates to the barrier region 225 . 

The first gate 228, me second gate 236, tire gate dielectric layer 226, and the 
semicondncor snbstrate 212 can form a MOS structure. The MOS structure can create a 
MOS depletion region 244 under the gate die.ectric 226, .ha. mitigates MOS capacitance 
as well as perimeter edge effects, which ate due to a high electric field generated by a 
Schotiky junction of the Schottky device 210. Mitigation of the perimeter edge effects 
can increase the breakdown voltage of .he Schottky device 210 and improve me leakage 
characteristics of the Schottky junction. 

The guard ring struchtre 224 can also include a sidewall spacer 260. The sidewall 
spacer 260 can extend from the gates 236 and 238 over a portion of the isolation barrier 
216 The sidewall spacer 260 can contact the gates 228 and 236 substantially along .he 
outer side surfaces 232 and 240 of the gates 228 and 236. The sidewall spacer 260 can 
comprise a nitride material, such as silicon nitride (S, S N 4 ). The sidewall spacer 260 can 
be formed by, for example, by CVD of a si.icon nitride materia, followed by do- plasma 

etching. , 

A Schottky barrier metal layer 270 can cover the barrier region 225 and extend 

over the inner side surface 230 and part of the top surface 234 of the first gate 228 and 

the inner side surface 238 and the top surface 242 of the second gate 236. The Schottky 

barrier metal layer can comprise a refractory metal that when deposited {e.g., PVD) on 
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thebarrier region 225 of .he semiconductor substrate 2,2, the firs, gate 228, and the 
second gate 236 forms a si.icide materia! upon high temperature (eg., greater than about 
800»C) annexing. A firs, portion 272 of .he Sehottky barrier metal layer 270 overlying 
barrier region 225 can form tite Sehottky junction (or Sehottky barrier) win, tite bamer 
region 225 ofthe semiconductor substrate 212. The Sehottky junction can create a 
deplefion region 274 ft* extends be,ow ,he first portion 272 ofthe Sehottky barrie, . meta, 
,ayer 270 ,o me MOS depletion region 244. A second portion 276 ofthe Sehottky bamer 
meta. layer 270 can provide a comae, surface over the .op surface 242 of .he second gate 

Contacts 280 (e.g., aluminum or tungsten electrodes) to .he Sehottky barrier me.al 
1 ayer270canbeformed(,g.,byCVD)over.hesec„ndga.e236of.hegu a rdrmg 

structure 224. The contacts can form an ohmic contact with the second portion 276 ofthe 
Sehottky bamer metal !ayer 270. By forming the contacts 280 to the Sehottky bamer 
meta, layer 270 over the second gate 236 instead of fire firs, gate 228, damage that could 
potentially occur during formation of.be contac, should no. affec. MOS ,ructure and 
.he Sehottky junction and, hence, the perfotmance ofthe Sehottky device should no. be 

adversely effected. . 

FIG 13 illustrates a schematic cross-sectional view of a Sehottky dev.ee 310 m 
accordance with ye, another aspect of the invention. The Sehottky device 3.0 m 
accordance with this aspec, can have a sttuCure similar to the structure ofthe Sehottky 
device 10 (FIG. 1) except mat a sidewaH can be provided on an inner side surface of a 
gate of a guard ring structure. Formation of a sidewall on the inner side surface : of tine 
g a,e can obvia.e the formation of a continuous silicided layer fromme gate ofthe guard 
ring structure .0 a bamer region of me Sehottky device. A contac. can men be provtded 
witt, the srficide overiying ,he barrier region as well as .he suicide overlying the guard 
ring structure. 

Referring again to FIG. 13, .he Sehottky device 310 can be formed of a 
semiconductor substtate 3,2 having embedded .herein an n-we.l 314. The semiconductor 
substtate 3,2 car, be a p-<ype semiconductor materia, and the n-wel, 3,4 can be formed 
in the p-type semiconductor material, for example, by implanting an n-,ype dopant, such 
as phosphorous (P), in tire p-type semiconductor substtate 3,2. is ,0 be appreciated 
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that the Schottky device 310 is provided for illustrative purposes and that the 
semiconductor substrate 312 can include a plurality of Schottky devices and other 

integrated circuit devices. 

The Schottky device 310 can include an isolation region 316 that is formed m the 
semiconductor substrate 312. The isolation region 316 can be recessed in the 
semiconductor substrate so that the isolation region does not extend substantially above a 
surface 318 of the semiconductor substrate 312. The isolation region 316 can define a 
perimeter sttucture mat provides some isolation between the Schottky device 3 10 and 
other semiconductor device, mat can potentially be formed on the semiconduetor 
substrate 312. The isolation region 316 can also define an n-moat region 320 wthm the 
semiconduetor substrate 312. The n-moat region 320 comprises the active regron of the 
Schottky device 310. The isolation region 316 can comprise ST1 structures mat are 
formed in the semiconductor substrate 312 by any known process, such as etching the 
substrate and depositing a ROX for isolation. Although an STI structure is illustrated m 
FIG 13 other isolation structures may be used with the present invention. 

A guard ring structure 324 can be formed at least partially over the .solution 
region 316 and the n-moa. region 320, which is defined by the isolation region 316. The 
guard ring structure 324 surrounds a barrier region of the semiconductor substrate. The 
guard ring structure 324 includes a relatively thin gate dielectric layer 326 (e.g., having a 
uniform thickness between about 5 A and about 500 A) that can be formed (e.g.. by 
thermal oxidation) over a portion of the n-moa, region 320 adjacent the isolation regron 
316. The gate dielectric layer 326 can be an oxide (e.g., silicon dioxide (S,0 2 )) or any 
other dielectric material suitable for use as an insulator in a MOS device. 

The guard ring structure 324 can also include a relatively thin gate 328 (e.g., 
having a uniform thickness between about 300 A and about 700 A). The gate 328 can be 
formed (e.g., by chemical vapor deposition (CVD)) over the gate dielectric layer 326 and 
at least part of the isolation region 316. The gate 328 has an inner side surface 330, an 
outer side surface 332, and a top surface 334 that interconnects the inner side surface 330 
and the outer side surface 332. The gate 328 can comprise, for example, a polysthcon 
gate material or a re-crystallized polysilicon gate material that is doped with a p-type 
dopant (e.g., Bu and BF 2 ). 
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The gate 328, the gate dielectric layer 326, and the semiconductor substrate 312 
can form a MOS stiucture. The MOS structure can create a MOS depletion region 344 
under the gate dielectric 326, that midga.es MOS capacitance as well as perimeter edge 
effects which are due to a high electric field generated by a Schottky junction of the 
Schottky device 310. Mitigation of the perimeter edge effects can increase the 
breakdown vohage of the Schottky device 3 10 and improve the leakage charactenst.es of 

the Schottky junction. 

The guard ring structure 324 can also include a firs, sidewal. spacer 340 and a 
second sidewall spacer 342. The first sidewal. spacer 340 can extend ftom the gate 328 
over a portion of me isolation barrier 316. The first sidewaU spacer 340 oan contact the 
gate 328 substantially alongthe outer side surface 332 of the gate 328. The second 
Lewtd. spacer 342 can extend from the gate 328 over a portion of the barrier reg.on 325. 
The second sidewaU spacer 342 can comae, the gate 328 substantially along the mner 
s.de surface 330 of the gate 328. The second sidewall spacer 342 can be sized so that a 
depletion region created under the Schottky junction can extend under tire sidewaU spacer 
342 to the MOS depletion region 344. The firs, sidewaU spacer 340 and the second 
sidewal. spacer 342 can comprise a nitride materia., such as silicon nitride (S.rNa). The 
sMewa,. spacers 340 and 342 oan he formed by, for examp.e, CVD of a silicon mtnde 
material followed by dry plasma etching. 

A Sehottky barrier metal layer 350 can cover the barrier region 325 and the top 
surface 334 of tire gate 328. Unlike the previous.y described Schotiky devices, the 
Sehottky barrier meta. .ayer does not extend over the inner side surface 342 of the gate 
328 The Schohky barrier meta. .ayer 350 can comprise a refractory metal that when 
deposited (,g„ PVD) on the barrier region 325 of the semiconductor substrate 312 and 
flre gate 328 forma a silicide materia, upon high temperature (e.g., greater than about 
800°C) annealing. A firs, portion 352 of the SchoUky barrier meta. layer 350 over.ytng 
the barrier region 325 can form the Schottky junction with the barter region 325 of tire 
semiconductor substrate 3 12. The Schottky junction can create a depletion regton 
.hat extends below the first portion 352 of the Schottky barter metal layer 350 to the 
MOS depletion region 344. A second portion 354 of the Schottky barter meta, layer 350 
can ptovide a contact surface over the top surface 334 of the gate 328. 
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Contacts 380 (e.g., electrodes) to the Schottky barrier meal layer 350 can be 
fonned (,g., by CVD) over the guard ring stmctnre 324 and the barrier region 325. The 
contacts 380 can form ohmic contacts with the Schottky barrier metal layer 350. It ,s 
desirable to form a contact over the barrier region 325 because the sidewall spacer 342 
separa.es the firs, portion 352 of the Schottky barrier metal layer 350 from the second 
portion 354 of the metal layer 350 forming the silicide contact to the gate 328. 

Those skilled in the art will also understand and appreciate that variatrons in the 
processing operations can be utilized in the formation of a gate stmctnre in accordance 
with an aspect of the present invention. For example, it is to be appreciated that a p-well 
can be fonned in an n-rype substrate materia, and ma. a gate of a guard ring strucurre can 
be doped with an n-type dopant. I. is norther to be appreciated mat a plurality ofSchottky 
devices can be famed on the semiconductor substrate. Moreover, i. is .o be apprec,a.e 
that me Schottky device can be fabricated on a semiconductor substrate usmg 
conventional MOS processes. Additionally, it is to be appreciated that an additional 
mask can be provide during fabrication of .he Schottky device to prevent formatton of a 
sidewall space on the inner side surface of the gate. 

What has been described above includes examples and implementations of die 
presen. invention. Because it is no. possible to describe every conceivable combinatton 
of component circuitry or methodologies fa purposes of desenbing ttre presen. 
invention, one of ordinary skill in .he art will recognize that many further comb.nat.ons 
and permutations of the presen. invention are possible. Accordingly, the present 
invention is intended to embrace all such alterations, modifications and variattons mat 
fall within the spirit and scope of the appended claims. 
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